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1 
This invention relates to an optical objective 
for photographic or other purposes, corrected 
for spherical and chromatic aberrations, coma, 
astigmatism, fleld curvature and distortion, and 
comprising two divergent compound meniscus 
inner components which bave their air-exposed 
surfaces concave towards a diaphragm between 
them and are located between two convergent 
outer components. Usually, in such objectives, 
the outer components are simple, and if has been 
proposed to control higher order, or zonal, spheri- 
cal aberration by suitable arrangement of the 
internal contact surfaces in the inner compo- 
nents in relation to the mean refractive indices 
of the materials used in such components. In 
practice, however, if has usually been round that 
this aberration can only be reduced at the ex- 
pense of oblique spherical aberration. 
The prescrit invention has for its object to 
provide an improved objective of this general 
type wherein the arrangement is such that zonal 
spherical aberration and oblique spherical aber- 
ration are both well corrected. 
To this end, according to the invention, each 
of the four components of the objective is in the 
form of a doublet having a divergent inner ele- 
ment and a convergent outer element, and the 
mean refractive index of the material of the di- 
vergent element in each inner comportent ex- 
ceeds that of the associated convergent element 
by between .03 and .12, whilst the mean refrac- 
tire index of the material of the convergent ele- 
ment in each outer component exceeds that of 
the associated divergent element by between .05 
and .20. The mean refractive index of the ma- 
terial of the convergent element in each outer 
comportent is preferably greater than 1.64. 
The internal contact surfaces in the two outer 
components are preferably both convex towards 
the diaphragm, the radius of curvature of the 
contact surface in the front component lying 
between .33 and 5.0 thnes the equivalent focal 
length of the objective, whilst that in he rear 
component lies between .33 and 1.0 rimes such 
focal length. If should be ruade clear that the 
terres "front" and "rear" as herein used relate 
to the sides of the objective respectively nearer 
to and further from the longer conjugaçe in ac- 
cordance with the usual convention. 
The radii of curvature of the inner air-exposed 
surfaces of the inner components preferably lie 
between .15 and .35 rimes the equivalent focal 

2 
length of the objective, those of the outer air- 
exposed surfaces of the inner components lying 
between .25 and .45 rimes such focal length. The 
inner air-exposed surfaces of the outer compo- 
5 nents preferably have radii of curvature greater 
than such equivalent focal length. 
Preferably, the axial air separation between 
the two inner components lies between .075 and 
.20 rimes the equivalent focal length of the ob- 
10 jective, the other two axial air separations each 
being less than .05 rimes such focal length. 
One important use for the present invention 
is fo give an improved objective, well corrected 
for a narrow fleld, but having a higher degree 
1 of correction than hitherto not only for zonal 
spherical aberration and oblique spherical aber- 
ration, but also for colour, and for this purpose 
the refractive index difference in each lnner 
component is made less than .09 and that in each 
20 outer comportent less than .11, and the internal 
contact surface in each of the lnner components 
is preferably cemented nd convex towards the 
diaphragm with radius of curvature between .66 
and 5.0 rimes the equivalent focal length of the 
25 objective, the infernal contact surface in the 
front outer comportent preferably havlnga 
shorter radius of curvature than that in the 
front inner comportent whilst that in the rear 
outer component bas a shorter radius of curva- 
3O turc than that in the rear inner component. 
An alternate use for the invention is to enable 
vignetting to be avoided in an objective covering 
a wider field of view, by increasing the diameters 
of the various components beyond those neces- 
35 sary for the axial beam alQne, in order to in- 
crease the amount of photographically useful 
light reaching extra-axial image points whilst 
still maintaining 0ff-axis aberrations within close 
limits. 
40 For this purpose, the internal contact surfaces 
in the two inner components are both concave 
towards the diaphragm, the radius of curvature 
of the contact surface in the front inner com- 
ponent lying between .5 and 5.0 rimes the equlv-. 
45 alent focal length of the objective, and that in 
the rear inner component between .5 and 10.0 
rimes such focal length. 
The infernal contact surfaces in the two outer 
components are preferably both convex inward- 
50 ly towards the diaphragm, the outermost air- 
exposed surfaces of these components being con- 
vex outwardly, the radius of curvature of the 



contact surface in the front comportent betng 
greater than that of the front surface of the 
objective, whilst the radius of curvature of the 
contact surface in the rear outer component is . 
less than that of the rear surface of the objec- 5 
tive. 
The mean refractive index of the material of 
the divergent element in each inner comportent 
preferably exceeds that of the divergent element 
in either outer comportent by between .05 and lO 
.20. 
The sure of the axial thicknesses of the two 
ner components lies between .18 and .30 times 
the equivalent focal length of the objective, and 
the sure of the optical powers of the two inner- 15 
most surfaces of the objective lies numerically 
tween 4.0 and 6.5 ,times the equivalent oPtical 
power of the objective, such two surfaces each 
ing dlspersive. 
Conveniently, the rear surface of the front 20 
outer component is concave towards the dia- 
phragm with radius of curvature between 1.0 and 
5.0 rimes the equivalent focal length of the obee 
jective, whilst the front surface of the rear outer 
component is convex towards the diaphragm with 25 
radius of curvature between 2.0 and 10.0 rimes 
such focal length. 
Some convenient practical examples of objec= 
tire according fo the present invention are fllus- 
trated in the accompanying drawings, in which: 3o 
Figures 1 and 2 show two alternative construc= 
tions of objective having a high degree of correc- 
tion both for primary and oblique spherical aber= 
rations over a relatively narrow field and, 
Figure 3 shows an example in which increased 
diameters are employed fo avoid vignetting and 
thus fo cover a wider angle of fleld. 
Numerical data for these three examples are 
given in the following tables in which RR2 . .  
represent the radii or curvature of the individual 
surfaces of the objective the positive sign 
dicating that the surface is convex fo the front 
and the negative sign that if is concave thereto, 
Dzl> . . . represent the axial thicknesses of the 
various elements of the objective, and SzS2S3 rep- 45 
resent the axial air separations between the com- 
ponents. The table also gives the mean refractive 
indices for the D-line and the Abbé V numbers 
of the materials of which the various elements 
are marie. 5o 
EzaPle I 

Equivelent focal length 1.000. Relative aper F/.0 

Radius 

RI=-F .6810 
R=-  4694 
R=+5. 8668 
Re=+ .3451 
R'= -1.9556 
Rs=+  2847 
RTffi --  2347 
Rs=+l. 9556 
Re---- .3451 
Rz«=--5. 8f8 
Rnffi+  4694 
R12=--  6810 

Thickness or 
Air Separa- 
tion 

D=. 141 
D2=. 047 
S=0 
Dffi. 117 
D4ffi. 035 
S=. 111 
Dffi. 035 
Ds=. 117 
Ss=0 
D=. 047 
Dsffi. 141 

Abb V 
Number 
54.9 
44. 5 

Refractive 
Index » 
1.691 
1.617 
1.576 58. 9 
1, 617 44. 5 
1. 617 44. 5 
1. 576 58. 9 
1. 617 44. 5 
1.691 54.9 

4 

Equivalent focl length 1.000. Relative aperture F/2.0 

Thickness or 
Radius Air Separa- 
tion 
Rz=+ .6296 
Dz=. 1418 
R  -- . 4397 
D2 , 0454 
 R=+4. 2012 
S=. 0023 
Ri=+ .3184 
D:=. 1134 
R=-- . 9907 
D4=. 0340 
Rffi + . 2089 
S2ffi. I134 
R=-- . 2229 
Rs=+ .9907 
Dffi. i134 
Rs=-- .3184 
Sffi.0212 
Roffi--4. 7264 
Dffi. 0454 
Rnffi+ .4110 
Ds. 1418 

Refractive Abb V 
Index n» Number 

1.6914 54.8 
1. 6170 44. 5 
1. 5720 57. 7 
1.6170 44. 5 
1, 6170 44. 5 
1. 5720 57. 7 
1. 6170 44. 5 
1.6914 54.8 

The flrst example shows the application of the 
invention to a symmetrical copying objective with 
unity magniflcation, whilst the second is an asymo 
metrical example giving , magniflcation of .46. 
It will be noticed that the mean refractlve inc 
dex of the matertal of the convergent element 
of each outer comportent exceeds that of the 
sociated divergent element by .040 in Example I 
and by .044 in Example II, whilst the mean re= 
35 fractive Index of the divergent element of each 
inner comportent exceeds that of the aasociated 
convergent element by .0410 in Example I and 
.0450 in Example II. 
Ail the internal contact surfaces are cemented 
40 and are convex inwards in both examples, the 
cemented surfaces in the outer components being 
more strongly curved than those in the inner 
components. 
Both these examples give a high degree of cor- 
rection for all the usual aberrations and also for 
zonal spherical aberration and oblique spherical 
aberration, over a limited angular field. 

55 

6O 

65 

7O 

Ezample III 

Equivalent focal length 1.000. Relative apertum F/2.5 

Thickness or 
Radius Air Separae 
tion 
Rz=+. 7169 
.Dz=. 1900 
R= --I. 6257 
D=. 000 
R=+I. 4925 
R=+ . 302'1 8z=. 0020 
D=. 1012 
R=+ . 7169 
D=.0300 
Re=+. 2270 
=. 1388 
R=+. 2860 
- D=. 0300 
R= --1. I751 
D«-, 070 
IR= -- .3484 
Rz=+3. 21 
 D=. 0400 
Rzi =-}- .5556 
D,=. 1500 

Refractive Abb V 
Index n= Number 
1, 7183 48.1 
1. 5784 41. 2 
1. 6155 55. 6 
i. v0o9 ao. 2 
1.69 41.4 
1. 612 59. 3 
1. 5784 41. 2 
1. 7183 48.1 

It will be noticed that in this example the 
75 mean refractive index differences in the lnner 
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components are respectively .084 and .0867, and 
those in çhe outer components are each .1399. 
The mean refractive indices of the materiaIs of 
the divergent elements in the two inner com- 
ponents respectively exceed that of the divergent 
element in elther outer component by .1225 and 
.1209. 
ne sum of the axial thicknesses of the two 
inner components amounts to .2352 rimes the 
equivaIent focal length of the objective. The 
optical power of the rear surface of the front 
inner component (that is the mean refractive 
index difference across such surface divided by 
the radius of curvature of the surface) is --.7009/ 
.2270, or approximately --3.09 rimes the opcal 
power of the objective, the minus sign indicating 
that the surface is dispersive. Similarly, the 
optical power of the front surface of the rear 
inner component is --.6993/.2860, or --2.44 Mmes 
the optical power of the objective, and the sum 
of the optica! powers of these two surfaces thus 
amounts to about --5.53 rimes the optical power 
of the objective. 
This example gives a high degree of correction 
not only for the primary berrations but also for 
zonal spherical aberration, and for oblique spheri- 
cal aberration, over a seml-angular field of 20 
degrees. Thls is achieved owing to the fact that 
the improved oblique corrections make it pos- 
sible to avoid objectionable vignetting by increas- 
ing the effective diameters of te various com- 
ponents above the values necessary for the axial 
beam alone. Thus the diameter of the front sur- 
face R1 may be .77 rimes the equivalent focal 
length of the objective instead of .40 times such 
focal length, the value required for the axial 
beam alone, and the corresponding figures for 
other surfaces are for R4.46 instead of .33, R« .30 
instead of .26, R7.27 instead of .24, Rg .40 instead 
of .26 and R12.57 instead of .24, these figures re- 
lating to the chamfer diameter in cases where 
the element is clamfered off af its marginal edge. 
It is of interest to note the changes of inclina- 
tion of a principal ray which intersects the op- 
tical axis ai the diaphragm position at the raid- 
point of the central air-space $2, in the examples 
above given, these changes of inclination assist- 
ing materially in giving the high degree of cor- 
rection for the various primary and secondary 
aberrations above mentioned. The following 
table shows the inclinations in degrees of such 
a principal ray to the optlcal axis in each of the 
three examples: 

Inclination in object space ........ 
Inclination in D .................. 
Inclination in D .................. 
Inclination in S ................... 
Inclination in D ................. 
Inclination in D .................. 
Inclination in S .................. 
Inclination in D .................. 
Inclination in D. ................. 
Inclination in S. ................. 
Inclination in D .................. 
Inclination in D .................. 
Inclination in nage space ........ 

ExaÏple 
2.94 
2.53 
2. 74 
4.34 
3.63 
3. 54 
4. 99 
3.54 
3.63 
4.34 
2. 74 
2.53 
2.941 

2. 57 
2. 30 
2.50 
3.94 
3. 37 
3. 27 
4. 50 
3.20 
3.30 
3.88 
2.47 
2.26 
2.48 

Example 
III 

12. 97 
10. 65 
11.86 
17.37 
15. 32 
14. 69 
20.00 
13. 4 
14. 09 
18. 09 
11.01 
9.61 
12.9 

Thus the percentage increases in inclination 
in such rays in crossing the surface R2 from D 
fo D2 is 8 in Example I, 9 in Example II and 11 
in Example HI whilst the corresponding per= 
centage increase from Dg to D7 across the sur« 
face RI is 8 in Example I, 9 in Example II and 
15 in Example Iii, the mean figures of OEese per- 

centage increases in the outer components thus 
being 8, 9 and 11 resPectively. 
Similarly in the inner components the per- 
centage increases from D4 to D. across the sur- 
5 face Rs are 3 in Examples I and II and 4 in Ex- 
ample Iii, and from D» to D« across surface 
 are 3 in Examples I and II and 5 in Example III 
giving means of 3, 3 and 5 respectively. 
In these three examples, the four internal con- 
10 tact surfaces are ail cemented, and whilst this 
will usually be preferable, it may sometimes be 
convenlent to employ broken contacts in one or 
more of the components, that is for the 
operating surfaces making up the contact to 
15 have slightly different radii of curvature. It 
should be made clear that a reference herein 
the radius of curvature of an interna1 contact 
surface is to be understood in the case of a 
broken contact, as the harmonic mean between 
20 the actual radii of curvature of the cooperating 
surfaces. 
The insertion of equals (----) signs in the radius 
columns of the tables, in company with plus (+) 
and minus (--) signs which indicate wheoEer the 
25 surface is convex or concave to the front, is for 
conformity with the usual Patent Oce custom, 
and it ts to be understood that these signs are 
not to be interpreted wholly in their mathemat= 
ical significance. This sign convention agrees 
30 with the mathematical sign convention required 
for the computation of some of OEe aberrations 
including the primary aberrations, but different 
mathematical sign conventions are required for 
other purposes including computation of some 
35 of the secondary aberrations, so that a rdius 
indicated for example as positive in the tables 
may bave to be treated as negative for some cal- 
culations as is well understood in the art. 
What I claim as my invention and desire to 
4O secure by Letters Paten is: 
1. An optical objective, corrected for spherical 
and chromatic aberrations, coma, asMgmatsm, 
field curvature, and distortion, comprising 
divergent compound meniscus inner doublet com- 
45 ponents each of which bas ifs air-exposed sur- 
faces concave to the other inner component and 
conssts of a convergent outer elemen and a 
divergent inner element, the mean refractive in- 
dex of the material of such divergent element 
5o exceeding that of such convergent element by 
between .03 and .12, and two convergent com- 
pound outer doublet components each of which 
consists of a divergent lnner element and a con- 
vergent outer element made of a material whose 
mean refractive index exceeds that of the diver- 
gent element by between .05 and .20, the infernal 
contact surfaces in the two outer components are 
both convex inwards, the radius of curvature of 
6O the contact surface in the front component lying 
between .33 and 5.0 rimes the equivalent focal 
length of the objective whilst that in the rear 
component lies between .33 and 1.0 rimes such 
focal length. 
65 2. An optical objective as claimed in claire 1, 
in which the axial air separation between the two 
inner components lies between .075 and .20 rimes 
the equivalent focal length of the objective, whilst 
the other two axial air separations are each less 
70 than .05 times such focal length. 
3. An optical objective, corrected for spherical 
and hromatic aberrations, coma, astigmatism, 
field curvature, and distortion, comprising 
divergent compound meniscus inner doublet com- 
75 ponents each of which has ifs air-exposed sur-. 
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faces concave to the other inner comportent and 
consiits of a convergent outer element and a 
divergent inner element, the mean refractive in- 
dex of the material of such divergent element 
exceeding that of such convergent element by 
tween .03 and .12, and two convergent compound 
outer doublet comlonents each of which con- 
iti of a divergent inner element anti a conver- 
gent outer element marie of a material whose 
mean refractive index exceeds that of the diver- 
gent element by between .05 and .20, the radii 
of curvature of the inner air-expoed surfaces 
of the inner components lying between .15 and 
.35 rimes the eluivalent focal length of the 
jective, and those of the outer air-exposed sur- 
ïaces of the inner components lie between .25 
and .45 rimes such focal length, the mean re- 
fractive index of the material of the convergent 
element in each outer comportent beini ireater 
than 1.64. 
4. An optical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatim, 
eld curvature, and distortion, comprising two 
divergent compound meniscus inner doublet com- 
ponents each of which has its air-exposed sur- 
faces concave to the other inner comportent and 
consists of a convergent outer element and a 
divergent inner element, the mean refractive in- 
dex of the material of such divergent eltment 
exceeding that of such convergent element by 
between .03 and .12, and two convergent com- 
pound outer doublet components each of which 
consists of a divergent inner element and a con- 
vergent outer elemen. ruade of a material whose 
mean refractive index exceeds that of the diver- 
gent element by between .05 and .20, the curva- 
çure of tne inner air-exposed surfaces of the outer 
components being greater than zero and less than 
the equivalent power of the objective, the mean 
refractive index of the material of the convergent 
element in each of such outer components being 
greater than 1.64. 
5. An optical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatism, 
field curvature, and distortion, comprising 
divergent cëmpound meniscus inner doublet com- 
ponents each of which has its air-exposed sur- 
faces concave to the other inner comportent and 
consists of a convergent outer element and a 
divergent inner element, the mean refractive in- 
dex of the material of such divergent element 
exceeding that of such convergent element bY 
between .03 and .12, and two convergent com- 
pound outer doublet components each of which 
consists of a divergent inner element and a con- 
vergent outer element ruade of a material whose 
mean refractive index exceeds that of the diver- 
gent element by between .05 and .20, the inner 
air-exposed surfaces of the outer components 
having radii of curvature greater than the equiv- 
alent focal length of the objective, whilst the 
radii of curvature of the inner air-expesed sur- 
faces of the inner components lie between .15' 
and .35 rimes such focal length and those of the 
outer air-exposed surfaces of such inner com- 
ponents lie between .25 and .45 rimes such focal 
length. 
6. An optical objective as claimed in claim 1, 
in which the axial air separation between the 
çwo inner components lies between .075 and .20 
rimes the ecluivalen focal length of the objective, 
whilst the other two axial air separations are 
each less than .05 rimes such focal length. 
7. An optical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatism, 

8 
field curvature and disortion, compriing two 
divergent compound meniscus lnner components 
each of which has its air-exposed surfaces con- 
cave o the other inner component, and two con- 
5 vergent compound outer components, each of the 
four components being in the form of a doublet 
having a divergent inner element and a conver- 
gent outer element, the mean refractive index 
of the material of the divergent element in each 
10 inner comportent exceeding that of the asso- 
ciated convergent element by between .03 and 
.09, and the mean refractive index of the ma- 
terial of the convergent element in each outer 
comportent exceeding that of the associated di- 
15 vergent element by between .05 and .11, the in- 
ternal contact surfaces in the two inner com- 
ponents being convex towards each other and 
having radil of curvature between .66 and 5.0 
rimes the eluivalent focal length of the objective. 
20 8. An optical objective as claimed in claire 
in which the infernal contact surfaces in the two 
outer comPonents are both convex owards each 
oher, the radius of curvature of the contact sur- 
face in the front comportent lying between .33 
25 and 5.0 rimes the equivalent focal length of the 
objective whilst that in the rear comportent lies 
betveen .33 and 1.0 rimes such focal length. 
9. An optical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatism, 
30 field curvature and distortion, compriing two 
divergent compound meniscus inner components 
each of which bas its air-exposed surfaces con- 
cave to the other inner comportent, and two con- 
vergent compound outer components, each of the 
5 four components being in the form of a doublet 
having a divergent inner element and a conver- 
gent ouer element, the mean refractive index 
of the material of the divergent element in each 
inner comportent exceeding that of the asso- 
40 ciated convergent element by between .03 and 
.09, and the mean refractive index of the 
terial of the convergent element in each outer 
comportent exceeding that of the associated 
vergent element by between .05 and .ll,the inner 
45 air-exposed surfaces of the outer components 
having radii of curvature greater than the eluiv- 
alent focal length of the objective, whilst the 
radii of curvature of the inner air-exposed sur- 
faces of the inner components lie between .15 
50 and .35 rimes such focal length and those of the 
outer air-exposed surfaces of such inner com- 
ponents lie between .25 and .45 rimes such focal 
length. 
10. An optical objective, corrected for spherical 
55 and chromatic aberrations, coma, astigmatism, 
»field curvature and distortion, comprising two 
divergent compound meniscus inner components 
each of which has its air-exposed surfaces con- 
cave to the other inner comportent, and two con- 
6O vergent compound outer components, each of 
four components being in the form of a doublet 
having a divergent inner element and a conver- 
gent outr element, the mean refractive index 
of the material of the divergent element in each 
ç inner component exceeding that of the aso- 
ciad convergent element by between .03 and 
.09, and the mean refractive index of the ma- 
terial of the convergent element in each outer 
comportent exceeding that of the associafd di- 
T0 vergent element by between .05 and .11, the axial 
air separation between the two inner components 
lying between .O75 and .20 rimes the equivalent 
focal length of the objective, and the other two 
axial air separations being each less than .05" 
5 rimes such focal length, the mean refractive in- 
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dex of the matertal of the convergent element in 
each outer comlonent being greater than 1.64. 
11. An Oltical objective, correced for slherical 
and chromatic aberrations, coma, astigmatism, 
field curvature and distortion, and comlrising 
two convergent comlound outer comlonents each 
of which consists of a divergent inner element 
and a convergent outer element made of a 
terial whose mean refractive index exceeds that 
of the said divergent element by between .05 and 
.20, and two divergent comlound meniscus inner 
comlonents each of which has its air-exposed 
surfaces concave to the other inner comportent' 
and consists of a convergent outer element and 
a divergent inner element made of a material 
whose mean refractive index exceeds that of such 
convergent element by between .03 and .12, the 
internal contact surface in the front inner com- 
lonent being convex to the front and having a 
radius of curvature between .5 and 5.0 rimes the 
equtvalent focal length of the objective, and the 
internal contact surface in the rear inner com- 
tonent being concave to the front and having a 
radius of curvature between .5 and 10.0 rimes 
such focal length. 
12. An Oltical objective as claimed in claim 11, 
in which the internal contact surfaces in the two 
outer comlonents are both convex inwards, the 
radius of curvature of the contact surface in the 
front comportent lying between .33 and 5.0 rimes 
the equivalent focal length of the objective and 
that in the rear comlonent lying between .33 
and 1.0 rimes such focal length. 
13. An Oltical objective as claimed in claim 11, 
in which the sum of the axial thiclmesses of the 
two inner comlonents lies between .18 and .30 
rimes the equlvalent focal length of the objective, 
and the sum of the Oltical lowers of the tw0 
innermost surfaces of the objective lies numeri- 
cally between 4.0 and 6.5 rimes the equivalent 
Oltical lower of the objective, such two surfaces 
being dislersive. 
14. An Oltical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatism, 
lïeld curvature and distortion, and comlrlsing 
two convergent compound ouer comlonents each 
of which conslsts of a divergent inner element 
and a convergent outer element, and two diver- 
gent comloUnd meniscus inner comlonents each 
of whlch has its air-exlosed surfaces concave to 
the other inner comlonent and consists of a con- 
vergent outer element and a divergent inner ele- 
ment made of a material whose mean refractive 
index exceeds that of said convergent element 
by between .05 and .12, the internal contact sur- 
faces in the two said inner comlonents being 
concave towards each other and the radius of 
curvature of the contact surface in the front in- 
ner comlonent lying between .5 and 5.0 rimes the. 
equivalent focal length of the obj ective. 
15. An oltical objective as claimed in claim 14, 
in which the sum of the axial thicknesses of the 
two inner comlonents lies between .18 and .30 
rimes the equivalent focal length of the objective, 
and the sum of the Oltical lowers of the two 
innermost surfaces of the objective lies numeri- 
cally between 4.0 and 6.5 rimes the equivalent 
optical lower of the objective, such two surfaces 
being dislersive. 
16. An Oltical objective as claimed in claim 14, 
in which the rear surface of the front outer com- 
lonent is convex to the front and has radius of 
curvature between 1.0 and 5.0 rimes the eluiva- 
lent focal length of the objective, whilst the 
front surface of the .rear outer comportent is 

convex to the front and has radius of curvature 
between 2.0 and 10.0 rimes such focal length. 
17. An optical objective as claimed in clalm 14, 
in which the internal contact surfaces in the 
5 two inner comlonents each have collective power 
greater than zero and less than .15 rimes the 
equivalent power of the objective. 
18. An Oltical objective, correced for slherical 
and chromatic aberrations, coma, astigmatism, 
10 lïeld curvature and distortion, and comprising 
two divergent compound meniscus inner com- 
tonents each of which has its air-exlOsed sur- 
faces concave to the other inner comportent and 
consists of a convergent outer element and a dt- 
15 vergent inner element, the mean refractive index 
of the material of such divergent element ex- 
ceeding that of such convergent element by be- 
tween .03 and .12, and two convergent comlound 
outer components each of which consists of a 
20 divergent inner element and a convergent outer 
element made of a material whose mean refrac- 
tire index exceeds that of the divergent element 
by between .05 and .20, the internal contact sur- 
faces in the divergent inner comlonents having 
25 curvatures less than twice the equivalent optical 
lower of the objective and powers lying between 
H-.15 and --.1 rimes such equivalent optical 
lower, the positive and negative signs respec- 
tively indicating collective and dispersive lower. 
3o 19. An optical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatism, 
field curvature and .distortion, and comprising 
two divergent compound meniscus inner com- 
ponents each having ifs air-exposed surfaces con- 
35 cave to the other inner comportent, and two con- 
vergent compound outer comlonents, each of the 
four comlonents being in the form of a doublet 
having a divergent inner element, and a con- 
vergent outer element, the mean refractlve in- 
40 dex of the material of the divergent element in 
each inner comportent exceeding that of the asso- 
ciated convergent element by between .03 and 
.09» and the mean refractive index of the ma- 
terial of the convergent element in each outer 
45 comlonent exceeding that of the associated di- 
vergent element by between .05 and .11, the 
ternal contact surfaces in the divergent inner 
components being convex to each other and each 
having dispersive power greater than zero less 
5o than .1 rimes the equivalent power of the ob- 
jective and curvature less than 1.5 rimes such 
equivalent lower. 
20. An optical objective, corrected for spherical 
and chrornatic aberrations, coma, astigmatism, 
55 field curvature and distortion, and comprising 
 two convergent compound outer components each 
of which consists of a divergent inner compo- 
rtent and a convergent outer comlonent made of 
a materlal whose mean refractive index exceeds 
6o that of the said divergent element by between .05 
and .,0, and two divergent compound meniscus 
inner components each of which has its air- 
extosed sur[aces concave fo the other inner 
comlonent and consists of a convergent outer 
65 element and a divergent inner element made of 
a material whose mean refractive index exceeds 
that o[ such convergent element by between .05 
and .12, the internal contact surfaces in the two 
inner components being concave towards each 
70 other and each having curvature less than twice 
the equivalent lower of the objective nd collec- 
tive power greater than zero less than .15 rimes 
such .equivalent lower. 
21. An optical objective corrected for spherical 
75 and chromatic aberrations, coma» astigmatism, 
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fleld curvature and dtstortlon, and comprising 
two divergent compound menlscus lnner compo- 
nents each of wlflch has ifs air-exposed surfaces 
concave to the other L, mer component and con- 
sists of a convergent outer element and a diver- 5 
gent L, mer element, the mean refractive index of 
the material of such divergent element exceeding 
that of such convergent elementby between .03 
and .12, and two convergent compound outer 
components each of whtch consists of a diver- 10 
gent inner element and a convergent outer ele- 
ment marie of a material whose mean refractive 
index exceeds that of the divergent element by 
between .05 and .20, the sure of the curvatures 
of the internal contact surfaces of the twu inner 15 
components being algebraically greater than 
the sure of the curvatures of the internal contact 
surfaces in the two outer components by less 
than 8 rimes the elulvalent power of the objec- 

12 
rive (a curvature for this purpose being regarded 
as positive when the surface ts concave towards 
the central air space and as negative when-the 
surface is convex towards such air space). 
GORDON HENRY COOK. 
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